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The rcla(ivc  accuracies of three surface wind data products for tbc. tropical Pacific occaTI during April 1992 to March 1994
were cxaraincd by analyzing temperature and current frclds along  the. equator, which wc.rc sinmlated  with an ccc-an general
circulation model, Simulations were made with and without msimilalion  of surface anti  subsurface tcmpcraturc  data,
Simulated curmnls  were compared with observations at three sites(170°W, 140°W, 11 OOW) a[ the equator. Model-gcncr-atcd
Curmnls  and tcrnpcraturcs indicakd  that the MCS- 1 wcslward  wind speeds were low conlparcd  [o the FSU and NMC winds.
With data assimilation, the agrccmcnt  bclwccn  simulated and ob.scrvc~i  Culrcnl$  was higbc.st  at 170°W and lowest at 110”W.

1 IN-l’ROIJUCVIION

information about the surface wind field over the tropicai  ocean is of priniary importance for studies of month-to-month
variations of currcrr[ and temperature, and especially for shrdics  of the Ei Nifio and La Niiia c.pisodcs in the tropical Pacific
Ocean, Onc of the inilial  objectives of the l’ropicai Oceans Global Atrnosphcre ~1 ‘OGA)  I’rograrn  was to incrcasc  the
accuracy of the surface wind field. }Ialpcra (1988) indicakd  that the nunlbcr  of wind reports from ships was too small to
achicvc a 1 m s-] accuracy. Undm the auspicm of the qOGA Program, the numbers of wind reports from ships and moored
buoys incrcmcd  substantially. } Iowcvcr,  large ocean areas remained unsm,lplcd  each monti].  Surface wind data producLs
computed from satellite mcasurcmcnls  and from numcricai  weather prediction (NWP) rGsul  Ls have much less aliasing  errors
compared to in situ wind mcasurcmcnm,  although tk accuracies of saicilitc.  and NWP win(i  products arc questionable,
which is tbc subject of I}IC paper.

‘I”hc  rcprc.w,ntativc.ncss of three wind data products, which were c.mploycd to force an ocean gc.ncral  circulation model
(OGCM) of the Pacific Ocean, was dctcrmincxi  with in situ upper wean current n]casu[cr[mnts  at three sites along the
equator (170°W, 140”W, 11 O“W), which arc named “validation” sites. A fourth validation site at 00, 165”F, will soon &,
employed in the analyses. ‘I”hc vertical distribution of current was cmphasiiicd bccau.se advcclion  of heat is important in
redistribution of icnqxxaturc  in the equatorial Y,onc,  which Bjcrk ncs (1966) first sug$csttii  to k a leading mechanism for
on.set of E+i Nirlo.  Surface wind velocity data producl$ were: (1) the MU-1 product, which was computed by Ikcilich and
Dunbar  (1993) from European Remote Sensing (EM-l)  satellite scaikro[neter  measure.mcrm; (2) the Florida State
University (} ISLJ) product, which was crcatcd at FSU from si~ip and mocmxi-buoy data only (Goldcrrbcrg  and O’Ilricn,
198 1), and (3) the lJ.S. Nationai Meteorological Center  (NMC)  opcrationid  surface. wirld anal y.scs, which assimilates ship
and moored-buoy winds, cloud motion vectors, and many olhcr variables into an atmos]]hc.[ ic general circulation rnodcl.

No O(3CM simulation of current is perfect (}laipcrn  e[ al., 1995) and no wind data prcxiuct is pcrfcxt  (} Iaipcrn ef al., 1994).
One remedy of the imperfections of the OGCM and wind product is assinl  ilation of subsurface tcmpcraturc  nlcasurcmcnLs,
Simulated currcnLs arc, thcrcforc, rcprc.w.ntativc of the composite in ftucrwcs from the [K;(:M, such as the mixing

Ji
paramctcrintion,  the wind field, assimilation schcmc for subsurface tcmpcraturc, and the quality, quantity and geographical
distribution of subsurface. lcmpcmturc  mcasurcmlcnLs.  l’hc assinlilation schcmc  was a val i:int  of lhc method dc,scribcd by
el al. (1995); the weight function was uniform with depth, wbicil prcsurmxi  that data and si!nulatcd value,.s were of cquai
iminxtallcc  ami the diffcrcncc  was not rc,latcd to the vertical kxnpcraturc gyadicnt,  in contrast to that crnploycd  by Ji cl al.
(1995). ‘J’cmpcraturc  and current daL? rctordcd  at the validiition  sites were not u.scxi  in tllc assimilation schcmc.
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A two-year period (April 1992- March 1994) was chosen because it was the longest illtcgral number of annual cycles of
ERS-I  data. The ERS-1 satellite was launched in July 1991, but it was not until March 1992 that the lasl calibration of
the scattcromctcr was made. The analyses described herein will be cxtcndcd to include a third year (April 1994- March
1995). During the lime period of the comparative study, not many wind rcporL$  from the. approximate 60-clcmcnt  Tropical
Atmosphere-Ocean (TAO) array (Hayes ef al., 1991), which wa$ located throughout the Pacific bctwccn 8°S and 8“N, had
been rcccivcd at NMC in a timely rnanncr from the Global Tclccommunic.ations  Sysk.vn (G”fS) for assimilation in the
NMC forecast-analysis system. A subsequent investigation will analyze the influcncc  of ‘l’AC) rmmcd-buoy  wind rcporLs.

2 RESU1 .TS

2.1 Tcmpxtrhrre

Without data assimilation, the ERS- 1 simulated sea surface temperature along the equator from 170”W  to 95°W was higher
than the other simulations, with diffcrcnccs  reaching nearly 2 ‘C at 100”W (Figu[c 1A), indicating that the month] y mean
ERS-1  easterly wind speeds were lower than those produced by FSIJ  and NMC. This is consistent with an orthogonal
regression analysis between ERS- 1 and TAO wind data. Comparison of monthly mean EXS - 1 and TAO wind
mcasurcmcnts  from April 1992- June 1994 rcvcalcd  that the average monthly mean ERS - 1 westward wind spcxxl was 1.3
m s-] less than that of TAO; the number of monthly collocations was 404, the root-nwan-square (rms) difference was 1.7
m S-l, and the correlation coefficient was 0.88. Assimilation of surface and subsurface temperature data made the ERS - 1
simulated sca surface tcmperahrrc  almost equal to the NMC and FSLJ  simulated values (Figure 1 B).

Along the equator, the 20 “C isotherm rcprcscn~  the middle of the thcrmoclinc,  defined to be the depth interval bctwccn the
25 “C and 15 ‘C i.sothcrms.  Fzrst  of 120”W,  the depth of the ERS-1 simulated 20 0(; isothcnn no longer dccrcascd,  in
contrast to the shoaling of the 20 ‘C isotherms simulated with FSU and NMC winds (Figure 2A). At 10OOW there was a
4@m depth diffcrcncc  bctwccn  the ERS- 1 thcnnoclinc  depth and tho.sc colnputed  with FSU and NMC winds. The rcduccd
east- west slope of the ERS - 1 thcrmoclinc  bctwccn the eastern and wcstcn I Pacific and the. dccpcr ERS- 1 thcrmoclinc  in the
eastern Pacific compared to those simulated with FSU and NMC winds v’cre consistent  with the previous rcsrdt that ERS- 1
wcslward  wind spcds were low compared to the FSU and NMC wind producLs. Assinlilation  of subsurface tcmpcralurc
data made the ERS- 1 depth of 20 ‘C isotherm almost equal to the NMC and FSU simulated values (Figure 2B).

2.2 Current

Without data assimilation, the longitudinal distributions of zonal current along the equator bctwczn the surface and 300m
depth (Figures 3A and 3B; FSU simulations will bc shown ehcwhcrc)  WCJ c nearly indcpcndcnt of the wind data product.
All displayed a 20- to 30-m thick  SEC at 140”W, a thickening of the SE(: westward of MOOW to 50 m at 165°E, a
maximum EUC spud within about 0.1 m S-l (or 10%) of one another, eastward current at the surface from 140”E to
150°}1, a longitude of the EUC core speed bctwczn 140°W and 130°W, and a dcplh of the E;UC maximum sped of 80 m.
That the ERS- 1 simulated vertical shear betwczrr the surface and the depth of maximum eastward current was about 25%
smaller than that computed with NMC winds indicated ERS-I westward wind spxds were ICSS  than those of NMC.
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[’igurr 1. Two-year (April 1992- March 1994) mean sea s@acc tempcra(ures  along the equa!or simrda[ed  with an ocean
general circulation model forced with three dijjferent  surface wind fields  (l:RS-1,  solid line; NMC, dot(ed line; FSU, dot-
dash line), and (A) without a%ta czwimilation  and (B) with assimilation of surjace and subxurjace temperatures.
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Figure 2. Two-year (April 1992- March 1994) mean depths of the 20 “C isotherm along the equator simulated with an
ocean general circulation model forced with three different surface wind fields ([< RS-l, solid line; NMC, dotted line; FSU,
dot-dash line), and (A) without &ta assinu”lation and (B) with assimilation of s~ace  and subsurface temperatures.

With assimilation of tcmpcraturc  data, notable differences appear between the simulated zonal currents (Figures 3C and 3D),
The ERS- 1 simulated EUC surfaced between 140”W and 100”W, in cormast  to the FSU and NMC simulations which
contained a SEC all along the equator. Simulated depths of the EXJC were ICSS, indicating an uplift of the EUC compared
to simulations withoul  data assimilation. The ERS - 1 and NMC simulated EUC maximum speeds increased almut 20%
compared to the caw of no data assimilation; no such change was awoeiatcd with the 1+X1  simulation. Apparently, data
assimilation creatmt  a stronger ERS- 1 EUC with a core depth closer to the surface, which, presumably, created an extensive
surfacing of the EUC. Thc longitude of the EUC core sped shifted eastward about 10°. ‘Ihe. SEC was stronger in the far
wcstcm  Pacific, c. g., no cmtward  current cccurred  from 140°13 to 150”E, the SEC thicknc.ss  at 165°E was about 90 m,
which was twice as large as in the simulations without data assimilation, and the surface speed of the SEC at 165°E was
about 0.4 m s-1 (or 400Yo) larger than that simulated without data assimilation. The appearance of a strong SEC (Figures
3C and 3D) is perplexing because at 165°E this feature was observed to occur during La Nifta (T. Delcroix,  personal
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Figure .3. Longitudinal-depth sections along the equator of two-year (April 1992- March 1994) mean zonal  current (solid
line, direction toward~ eaw; ddwd line, direction towardv west) simulated with an ocean general circulation model forced
with ERS-I (right  si&) and NMC’ (lefi  side) surJace windjields,  and without data awimila[ion  (upper) and with
assimilation of .v@ace and subsurface temperatures (lower).
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Figure 4. Vertical distribution of mean simulated and observed currents al 170W (lefl), 140 W (cenler), and lIOIV  (right).
Upper panel, without data assimilation; lower panel, with data assirnilalion.  Simulated mean currents were computed only
for the months associated with observations, and a monlhly mean is equal to the mean computed for 20 or more days that a
current meter recor&d data during a calendar nwnth. Positive values are eastward; negative values are westward.

communication, 1995), in contrast to the 1992-1994 El Nirlo. Between 140”E and 80C’W and above 300 m, isolincs  of
constant zonal current had more wiggles with data assimilation because of injection of subsurface temperature data at
discrete locations, primarily at TAO sites where data are continuously assimilated in contrast to infrequent XBT data.

Simulatti  currents were compared with observations (Figure 4). All simulations contained the most prominent feature
associated with equatorial circulation, which is a maximum eastward current at approximately 100-m dcplh.  In accordance
with the observations, the depth of the EUC core spczd dccrcased towards the east, which was associated with the upward
slope of the thcrmoelinc  towards the emt. Inspection of Figure 4 indicates that 170°W was the site of the best agrccmcnl
between simulated and observed currents, and the agreement was improved with data assimilation.

Depth-averaged mean values of simulated and observed currents fl”ablc  1) and depth-averaged rms differcnecs  between
observed and simulated currcnLs  (Table 2) were employed to quantif  y the results. Diffcre.nc.es  greater than 0.05 m S-l are
considered significant because this quantity can cmily be measured (Halpcrn, 1987).

The ERS-I and NMC simulated mean currents at 170”W were practically indis[inguishablc  from the observations (Table 1),
and data assimilation had no substantial influcncc  on the depth-averaged I iRS - 1 or NMC simulated currenLs.  At 140”W and
at 11 OOW, all simulations of depth-averaged current, with and without data assimilation, were greater than 0.05 m S-l from
observations.

The depth-averaged rms differences bctwccn observed currents and current’$ simulaled  with data assimilation at 170”W were
about 0.07 m s-l  (24%) smaller than that computed with currents simulated withoul data assimilation (Table 2). At
140°W,  therms differences bctwcm  observed and simulated currents were not influenced by data assimilation for either of

lable 1. Depth-averaged mean currents computed from observations (0];S) and from simulations, without data
assimilation (WIO DA) and wilh data assimilation (DA). Units = cm s-1.

170”W V40°w 1 IO”w

OBS = 28.3 011S = 26.2 OBS = 36.1
w/o DA DA w/o DA DA WIO DA DA

ERS-1 27.2 30.1 34.7 52.2 ?1.3 59.7
NMC 32.7 32.1 43.3 47,4 ?6.9 42.9
Fsu 40.5 39.3 51.8 47.5 14.2 24.0
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Table 2. Depth-averaged rms difference between observed and simulated monthly mean currents withoul  data assimilation
(WIO DA) and wilh data assimilation (DA). Units  = cm S-l.

170”W 140°w 1 Io”w
WIO DA DA w/o DA DA wjo DA DA

ERS-I 26.9 20.7 31.7 36.4 3s.8 41.7
NMC 27.9 20.5 37.8 40.1 28.5 27,1
mu 30.6 23.8 43.3 40.7 34.4 29.7

the wind products. At 1 IO”W, the rms differences bawccn  observed and simulated currcnls  were not influenced by data
assimilation for the FSU and NMC wind products, bul assimilation reduced the agreement associated with ERS- 1 winds,

At 170”W and 140”W, therms differences t!ctween  observed currents and currents simulated with data assimilation were
considered independent of the type of wind data product. At 110”W, Therms difference bctwwm observed currcn~  and NMC
simulated currents with data assimilation was significantly smaller than those ameiated  with ERS-I and FSU winds; the
rms diffcmmce  associated with the ERS-1  winds was the highest.

3 SUMMARY

Assimilation of surface and subsurface tcmpxaturc  data produced simulated sca surface temperahrres  and depths of 20 ‘C
isothcm~ that were independent of tbc wind data product (Hgures lB and 2B), which is not very surprising because
tempcmturc  data were assimilated. However, without data assimilation the. simulated sca surface tcmperatnre  and depth of
20 ‘C isotherm associated with the ERS - 1 winds were. not the same as those eomputcd  with FSU and NMC winds (Figures
1A and 2A), indicating thal tie ERS-1 westward wind speed was too low in the central and eastern equatorial Pacific.

Currents simulated with and without data assimilation contained the essential circulation characteristics of the SEC and
EUC (Figure 3). However, assimilation of temperature data produced two features that arc considered unrealistic: the SEC
surface speed and SEC thickness in the western Pacific were believed to be too large (Figures 3C and 3D); and the surfacing
of the ERS - 1 simulated EUC (Figure 3C), which was presumably caused by the weak wc~tward ERS- 1 wind speed. Only
at 170°W did data assimilation produce a substantial reduction in therms difference kctwecn observed and simulated currents
(Table 2). With data assimilation, the agreement between simulated and observed currc.nts was highest at 170”W and lowest
at 11 O“W (Figure 4; Tables 1 and 2). The reason for the longitudinal variation in tbc agree.mcnt between simulated and
observed currents will be discussed elsewhere.
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